Marine sediments harbor a vast amount of Earth's microbial biomass, yet little is 19 understood regarding how cells subsist in this low-energy, presumably slow-growth 20 environment. Cells in marine sediments may require additional methods for genetic regulation, 21 such as epigenetic modification via DNA methylation. We investigated this potential 22 phenomenon within a shallow estuary sediment core spanning 100 years of age across its depth. 23
Introduction

33
Marine sediments are some of the largest reservoirs of microbial biomass on Earth 34 (Whitman et al. 1998; Kallmeyer et al. 2012) , and describing the relationships between 35 community structure, activity, and ecosystem function in these habitats remains a challenge 36 (Fuhrman 2009 ). The majority of sedimentary bacteria and archaea are unable to be successfully 37 cultured in a laboratory setting, and if they are able to be cultivated, they likely do not exist in 38 Seitz et al. 2016) , and describe potential microbial activity (Orsi et al. 44 2013) . 45 Determining the drivers that govern microbial activity in the subsurface is key to 46 understanding the relationships between these communities and their environments. Models of 47 the marine subsurface suggest that biomass turnover rates are on the scale of thousands of years 48 and that many marine subsurface cells should be sporulated due to the low availability of energy 49 (Lomstein et al. 2012 ), yet metagenomic analyses of deep-sea sediment communities exhibit low 50 observed frequencies of endospore-specific genes (Kawai et al. 2015) . While isolates obtained 51 from the deep biosphere are phylogenetically similar to members of surface communities 52 (Russell et al. 2016; Inagaki et al. 2015) , cells adapted to the subsurface possibly suspend certain 53 life processes though other functional strategies to subsist at low levels of activity. Epigenetic 54 mechanisms offer potential microbial survival strategies within low-energy sediment, allowing 55 (resulting in 5-methylcytosine (m5C)), the nitrogen 4 position of a cytosine (resulting in N4-62 methylcytosine (m4C)), or the nitrogen 6 position of an adenine (resulting in N6-methyladenine 63 (m6A)) within a specific nucleotide target sequence (Ratel et al. 2006 ). These modified bases 64 comprise an organism's methylome, and are generally formed by two different MTase activities. 65
The two major forms of MTase activity are "maintenance" and "de novo" methylation. 66
Maintenance methylation (MM) provides cells with a means of propagating DNA methylation 67 patterns across generations. Daughter DNA strands with methylated parent strands are modified 68 by a maintenance MTase after replication (Bird, 2002 Analysis of 16S rRNA gene sequences was performed with QIIME 1.8.0 (Caporaso et al. 158
, 2010). Dereplication, abundance sorting, and discarding reads less than 2 bp was performed 159 with the USEARCH7 algorithm (Edgar, 2013) . Chimeras were filtered with UCHIME (Edgar et 160 al. , 2011) using the RDP Gold Classifier training database v9 (Cole et al. , 2014) . Operational 161 taxonomic unit (OTU) picking was performed at 97% similarity with UCLUST (Edgar, 2010) . 162
Non-chimeric sequences were chosen as the representative set of sequences for taxonomic 163 assignment and alignment. Taxonomic assignments were performed with UCLUST (Edgar 2010 deposited sediments could be due to tidal forcing. While cores from separate years were used to 224 generate sequence and geochemical data, the ages of all sediments are consistent, in that the 225 shallowest sequenced sample is less than a year old and the deeper sequenced samples are 226 significantly older (50+ years). In general, the deepest samples are anoxic, with a transition 227 occurring past 9 cm depth. This follows the trends established in earlier sampling in this area 228 (Cheng 2013) , showing that generalities can be drawn over time. 229
16S rRNA gene analysis 230
The diversity of 16S rRNA genes was generally higher at 3-6 cm than the 12-15 cm and 231 24-27 cm samples ( Figure S2 ). The 12-15 cm and 24-27 cm samples had similar profiles for 232 rarefied Chao1 diversity and observed OTU counts. These deeper samples also had a higher 233 presence of Dehalococcoidetes and sulfate-reducing Deltaproteobacteria, as well as Marine 234
Crenarchaoetal Group and Marine Hydrothermal Vent Group archaea ( Figure S3 ). OTUs were 235 clearly shared between the three depths, and corresponding abundance changes suggest that 236 known anaerobic taxa were more abundant at depth. 237
Metagenome taxonomic composition and function 238
The most abundant taxonomic classes present in metagenomic and 16S rRNA gene data 239 across all depths were the Actinobacteria, Bacilli, Clostridia, Deinococci, and α-β-δ-γ-240 proteobacteria ( suggest these communities support anaerobic lifestyles (Oremland and Polcin, 1982) . KO 247 annotations suggest that deeper communities have the potential for anaerobic metabolism ( Figure  248 2), as greater abundances of genes involved in sulfate reduction (formate dehydrogenase, 249 adenylyl sulfate kinase, NADH dehydrogenase, and heterodisulfide reductase) and 250 methanogenesis (trimethylamine corrinoid protein co-methyltransferase) were present within the 251 24-27 cm sample. 252
Metagenome CpG methylation 253
From these metagenome data, we assessed the methylation states of CpG sites. A total of 254 6254 CpG sites that could be directly compared between all three samples were mapped to 3743 255 contigs (4.33% of all three unprocessed IDBA assemblies). Differential methylation states were 256 observed in 1173 sites, while the remaining 5081 had equivalent methylation states. Of these 257
CpG sites, 4235 (67.7%) were identified within contigs receiving higher-confidence PhymmBL 258
Order classifications. The methylation dynamics of individual CpG sites were analyzed for taxa with higher 272 numbers of recovered sites. An overall trend of increasing methylation score standard error (SE) 273 and coefficient of variation (CV) with depth was seen in all analyzed phyla (Table S2 ). There is a 274 general trend of decreasing CV for methylation scores with depth, and this is influenced by an 275 overall trend towards bimodal score distributions. Hartigans' dip test results support a non-276 unimodal distribution of methylation scores for analyzed phyla (Table S3) , verifying mixed 277 methylation profiles. Brown-Forsythe tests suggest that CpG score variances across depths were 278 unequal for 70% of analyzed phyla (p < 0.05), supporting the presence of mixed methylation 279 profiles and dynamic shifts in methylation states (Table S4) . Jonckheere-Terpstra trend test 280 results show that community methylation scores decrease overall with depth (p = 2e-4). 281
Methylation scores for the majority of phyla exhibit decreasing trends with depth (Table S4 ; 282 sequencing do not appear to be governed highly by factors such as porosity and sediment 308 porewater geochemistry, and this notion is supported by previous research of Broadkill River 309 sediments (Cheng 2013 ) and other estuarine microbe communities (Koretsky et al. , 2005) . 310
However, shifts in community composition appear to be more closely related to the drastic 311 change in sediment age suggested by radionuclide constraints. 312
Analysis of 16S rRNA gene amplicons suggests that the 3-6 cm sample communities 313 exhibit greater diversity than the deeper samples ( Figure S2 ). It is likely that surface sediments 314 are more aerobic than deeper sediments due to regular cycling and deposition, and these higher 315 oxygen levels could be a factor in this higher diversity. Obligate anaerobes and facultative 316 aerobes were observed in the shallow sample as well. The 3-6 cm sample also encompasses the 317 transition zone from young, fresh sediment to older, established sediment at 4-5 and 5-6 cm, so 318 overlap in communities was expected. Our results clearly show increases in age from 3-6 to 12-319 15 cm, and the deeper depth of 24-27 cm is certainly older although our tests could not measure 320 an exact age between 15-24 cm. Results support the presence of a drastically shifting downcore 321 age gradient with higher anaerobic community potential at depth. Methane and porewater ion 322 profiles are more varied within surface sediments, suggesting a bioturbated or tidally mixed 323 region of fresh sediment in line with 7 Be and 210 Pb activity constraints. CpG methylation profiles 324 recovered from these sediments were mapped to taxa and genes, and exhibit dynamic shifts in 325 methylation state. 326
Of the CpG site populations assigned to taxa, 22% had < 5% methylation gains or losses 327 between depths. Two possible explanations are presented here. attributed to foreign DNA such as transposons (Ochman et al. 2000) . Due to the known influence 372 of DNA methylation within bacterial transposons and the results of this study, we speculate that 373 DNA methylation could act as a regulator of transposition within the subsurface. 374
As epigenetic research shifts from model systems towards potentially novel organisms 375 within natural environments, there is a pressing need for the development of assays capable of 376 detecting epigenetic signatures within environmental samples. This study provides a community-377 level insight into the dynamic behavior of a well-known and conserved methylation site within 378 estuarine sediments. A benefit of this Illumina assay is that it requires less DNA than single-379 molecule approaches, and allows for CpG site mapping to specific taxa and genes. to +100 (total methylation gain). A significant number of CpG sites remained at equivalent methylation states from 3-6 cm to 12-15 cm, yet there is an apparent increase in methylation losses ranging from ~25% to ~50% from 12-15 cm to 24- Interpretation guidelines are the same as those in Figure 6 . CpG sites were shown to exist in differential methylation states across depths. The methylation states of multiple CpG sites located within the same contig were shown to shift to highly similar states in several instances.
